The effects of adding yeast culture ( Saccharomyces cerevisiae, 5 x lo9 live organismslg of growth medium) at 10 g/steer daily to three diets consisting of 75% alfalfa silage and 25% barley, 96% corn silage and 4.0% soybean meal, or 75% dry-rolled barley and 25% alfalfa hay on performance of growing and finishing steers and carcass characteristics, feed digestibility, and degradability in the rumen were determined. In separate trials over 2 yr, the performance of steers fed the three diets with no supplementary live yeast (control; C 1 or with live yeast ( Y ) was determined using 72 Hereford steer calves in eight pens each year in a randomized complete block design. The diets were fed sequentially and the steers were randomized before diets were switched. Each year at the end of the high-grain feeding segment of the trial, the steers were slaughtered when ultrasound backfat Key Words: Saccharomyces cerevisiae, was such that the carcass would grade A1 or A2 (Canadian grades). The digestibility of feed DM, CP, and NDF of the three diets was determined sequentially using six and eight mature, ruminally cannulated steers in 2 yr, respectively. The degradation characteristics of the three diets in the rumen were determined using the nylon bag technique in two steers for each additive treatment. In the 1st yr, the feed efficiency of the corn silage diet was lower ( P < .05) for C than for Y steers (5.9 vs 6.8). Differences ( P < .05) were not observed between C and Y steers for any of the performance or carcass characteristics. The rate of degradation of alfalfa silage diet DM was decreased ( P < .05) in the 1st yr for the steers receiving Y (15.8 vs 12.2 %AI, C vs Y). Addition of live yeast did not result in significant positive effects on feed utilization.
Introduction
The concern over use of antibiotics and other growth stimulants in feed for production of food has increased interest in evaluating the effect of directly fed microbials such as yeasts on growth and feed utilization by livestock. Yeasts have been examined previously (Le Gendre et al., 1957; Burroughs et al., 1960; Grieve, 1979) but the results were inconsistent. Inclusion of live yeast culture of the strain Saccharomyces cerevisiae in diets of dairy cows has resulted in increased production of milk or milk fat J. Anim. Sci. 1994 . 72:537-545 (Williams et al., 1991 Wohlt et al., 1991) . Weidmeier et al. (1987) found that digestibility of feed protein and cell wall increased with addition of S. cerevisiae to diets of nonlactating cattle, whereas Harrison et al. (1988) found that feed digestibility was not affected by yeast supplementation. Adams et al. (1981) found that yeast culture supplementation improved feed intake of diets fed to growing steers, and Hughes (1987) reported that growth performance of bulls was improved with supplementation of live yeast to their diets. A majority of these studies have been conducted with diets containing in excess of 40% concentrates, whereas growing beef steers are fed largely highforageflow-concentrate diets and the effect of yeast supplementation to such diets is unknown. It was necessary to determine the type of diet in which the effect of adding live yeast culture, S. cerevisiae, would be most beneficial. In the present study, two feeding trials were conducted over 2 yr to determine the growth performance and carcass characteristics of steers fed diets composed of 75% alfalfa silage and 25% barley, 96% corn silage and 4.0% soybean meal, or 75% dry-rolled barley and 25% alfalfa hay either unsupplemented (control; C) or supplemented with a live yeast culture (Y) of S. cereuisiae. Alfalfa silage was prepared from third-cut alfalfa in yr 1 and from second-cut alfalfa in yr 2. Alfalfa stands were cut at early bloom and the herbage was dried in the windrow to approximately 35% DM and then chopped and packed into bags using a silage compactor (Ag Bag, model no. 6000, Ag Bag Corporation, Astoria, OR). In both years, corn was harvested at the soft dough stage of maturity, chopped, and packed into a concrete stave silo.
Materials and Methods
Feeding 7'riaZs. In each of the 2 yr, 72 weaned Hereford steers were obtained, injected with vitamins (2.0 mL/steer of a preparation containing 500,000, 75,000, and 50 IU/mL of vitamins A, D, and E, respectively), and vaccinated against infectious bovine rhinotracheitis and parainfluenza-3 using Somenigen ( 2 mL/steer) with Tasvax 7 ( 4 mL/steer). The booster was given 21 d later. Steers also were treated for warbles (Spoton [Fenthion 20% solution] at the recommended dose). Steers were allotted by weight to four blocks and assigned to eight pens (16-m squares, east-facing fence [2.6 m high] that was 80%' windresistant) within blocks (nine steers/pen). Steers in one-half of the pens in each block were fed C diets, whereas steers in the other pens were fed Y diets ( 5 x lo9 live organismslg of Yea-Sacc, Alltech Biotechnology Center, Nicholsville, KY) at the rate of 10 g per steer daily as total mixed diets in yr 1. In yr 2, Y was top-dressed each day. The diets were fed sequentially and the steers were randomized when the diets were changed. The ingredient composition of the diets is described in Table 1 and chemical composition in  Table 2 . Duration of feeding of each diet is given in Table 3 . The trials were conducted from mid-October to June of the following year.
Feed was weighed into the bunk daily and every 3 wk the unconsumed feed and steers were weighed. Steer weights were recorded both at initiation of the trials and on weigh days after water was withheld for 16 h. The ADG and daily DMI of the steers over the duration of the trials in each year were determined and feed conversion was calculated. Each year at the end of the high-grain feeding segment of the trial the steers were slaughtered when ultrasound backfat was greater than 7.0 mm to ensure that the carcass would grade A1 or A2 (Canadian grades), and carcass information was obtained.
DigestibiZity Trials. In y r 1 and 2, digestibility trials were conducted with six and eight mature, ruminally cannulated steers, respectively, to determine the effect of Y supplementation on digestibility of DM, protein, NDF, and ADF using lignin as an internal marker (Maynard et al., 1979) . In each year, one-half of the steers were fed the C diets and the other half were fed the Y supplement a t 10 g per steer daily. The three diets were fed sequentially. The steers were housed in a pen with Calan-Broadbent head gates and adjusted to the diets and the C or Y treatments for 14 d, after which the daily voluntary intake of the steers was recorded by weighing feed before feeding and unconsumed feed in the bins daily for 6 d. The steers were moved on d 7 into a tie stall barn and fed to appetite. a,bMeans denoted by a different letter for a nutrient and a parameter differ from each other ( P < .05); n = 4 for each mean.
Samples of the feed and feces from each steer were collected at 0900 and 1500 for 6 d. The feed and feces samples for each time and for each steer were separately pooled, freeze-dried, and prepared for chemical analysis by grinding in a Wiley mill to pass through a 1.0-mm screen.
In Situ Degradability of the Diets. Samples of the silage diets were freeze-dried, and samples of the high-grain diets were oven-dried (60°C for 48 h).
These samples were ground to pass through a 2-mm screen and used for determination of ruminal digestion kinetics. The in situ degradability determinations were conducted by the procedures described by Mir et al. (1991a) at the end of the digestibility trial using four steers. Two were fed the diets with Y and two did not receive the supplement. Five-gram samples of the C-and Y-supplemented diets were placed in nylon bags ( 9 cm x 14 cm in size, constructed with French seams, from nitex with a pore size of 35 pm, obtained from B and SH Thompson, Montreal, Quebec) and incubated in triplicate in reverse order for .5, 3, 6, 9, 12, 15, 18, 36 , and 72 h in the rumens of two steers receiving the two diets. Following incubation, the bags were rinsed free of adherent material and washed with warm water by the procedure of Mir and Mir (1988) . The washed bags, along with contents, were dried to constant weight in a forced-draft oven at 60°C and the weight of the residue was determined at each time of incubation. The residue from each bag was analyzed for DM, CP, and NDF. The percentage of these nutrients degraded at each time of incubation was calculated. The degradation characteristics were estimated using nonlinear regression (SAS, 1985) by fitting the data to the equation (Dhanoa 1988; Denham et al., 1989) , where p is the proportion of DM or nutrient degraded at time t, a is the proportion of readily soluble material for DM and CP or the portion of NDF that disappeared within the first .5 h of incubation, b is the potentially degradable material that was degraded at a rate c (h-l), after a lag time Lt in initiation of degradation. The percentage of DM, CP, or NDF degraded in the rumen P was estimated by the equation P = a + (bc/[c + kl)e(-kLt) of Orskov and McDonald (1979) , modified by Denham et al. (1989) , where a, b, c, and Lt are as described previously and k is the rate of passage of feed from the rumen, and the k values reported by Mir et al. (1991b) for alfalfa silage, corn silage, and the 70% grain diet were used for estimation of P.
All steers used in trials were cared for according to guidelines set out by the Canadian Council of Animal Care.
Volatile Fatty Acids and Ammonia in Ruminal
Fluid. On the last day of the in situ trial at 1030, ruminal content samples were obtained and strained through four layers of cheesecloth and samples were frozen without acidification. Later the samples were thawed at 4°C and used for determination of ammonia by the indophenol method (Novazamsky et al., 1974) and of lactic, acetic, propionic, butyric (including isobutyric and 2-methyl butyric acids), and valeric (including isovaleric acid) acids by HPLC. The acids were extracted from 1.0 mL of ruminal fluid (Guerrant et al., 1982) and separated on an anion exchange polyphore H (10 pm) column (220 x 4.6 mm; Brownlee Laboratories, Santa Clara, CA) at 25"C, using an HPLC apparatus composed of a tertiary pump and a U V M S detector (Spectra physics models SP8800 and SP8450, respectively, Mississauga, Ontario). The mobile phase was .01 N sulphuric acid at flow rates ranging from .25 to 1.0 mL/min and detection wave length was 210 nm. The concentrations of the acids were determined from standard curves developed by running standard solutions containing the various acids over varying ranges of concentrations.
Chemical Analysis. Feed samples were obtained each week and pooled over the 3 wk when samples of the unconsumed feed from the bunk were obtained and DM content of the samples was determined by freeze-drying. The freeze-dried feed samples were divided into two portions. One was ground in a Wiley mill to pass through a 1.0-mm screen and the other was ground to pass through a 2.0-mm screen. This latter material was used for the in situ degradation studies. The feed ground through the 1.0-mm screen and the feed and feces samples from the digestibility trials were analyzed for analytical DM, CP, and ADF (AOAC, 1984; procedures #7.003, 7.33-7.37, 7.074-7.076 ). The NDF was determined by the modification of Waldern ( 197 1) after a 16-h incubation period at 40°C in an amylase and toluene solution (McQueen and Nicholson, 1979) . Lignin content of the samples was determined by extraction with permanganate solution (Goering and Van Soest, 1970) . The residues from the in situ degradation studies were analyzed for CP and NDF.
Statistical Analysis. Analysis of variance (SAS, 1985) was conducted for the experiments, and the effect of Saccharomyces cerevisiae supplementation in each diet for each year was determined using the model Y = P + r + E , where P, r, and E represent effects of blocks, treatment, and error for each measurement Y. The effect of year was eliminated from the model because year effects were not significant.
Results and Discussion
was conducted. The corn silage crop seemed to be less mature in yr 2 than in yr 1, and thus the protein content of the diet was higher, whereas the NDF, ADF, and lignin contents were lower.
Growth Performance o f Steers. The ADG of the steers fed each of the diets in both years was comparable to expected gains (.9 and 1.3 kg/d for the corn silage and high-grain diets respectively) calculated from the NE values of the feeds and their relative proportions in the diets. However, with the alfalfa silage diet ADG was greater (Table 3) than the calculated value of .6 kg/d. Intake and ADG of steers receiving alfalfa silage diets were not different ( P > .05) ( Table 3 ) in either year between C-and Y-fed steers. Values obtained for these parameters compare well with data reported by Steen and Moore (1988) for steers fed grass silage with 2 kg of grain daily, but the performance of the steers in the present study was better than values reported by Mir et al. (1991) for animals fed high-moisture alfalfa hay (unchopped) with similar amounts of grain. The feed conversion of the alfalfa silage diet was similar between years and between C and Y diets. In the 2nd yr, Y supplementation increased intake of the alfalfa silage diets nonsignificantly. These results concur with the observation of Adams et al. (1981) , who fed a 53% alfalfa hay diet to growing steers.
Intake of the corn silage diet in yr 1 was greater ( P < .05) for Y steers than for C steers; however, ADG of C steers tended to be higher ( P = .0957) than ADG for Y steers. Therefore, the feed:gain ratio of the C corn silage diet was lower ( P < .05) than that of the Ysupplemented diet (Table 3 ) . Similarly, in yr 2, the intake of the corn silage diets supplemented with Y Meat yield, %'
Dressing percentage
The silages used in both years were free of visible mold. The composition of the diets (Table 2 ) indicated minor differences between the 2 yr in which the study an = 36 for each mean. bAverage fat cover (millimeters) over the 12th rib. 'Assessed through computation of the longissimus muscle dimension (length and width) and fat thickness. Table 5 . Dry matter intake and apparent digestibility of DM, CP, NDF, and ADF in steers fed alfalfa silage, corn silage, or high dry-rolled barley grain diets without (C) or with ( Y ) live yeast culture supplementation 
, where p is the proportion degraded, a is the intercept of the degradation curve and represents the percentage of DM or nutrient that disappears within .5 h of incubation, b is the percentage of degradable DM or nutrient, c is the rate constant of de -kLt) , where k is the rate of passage of feed from the rumen and the k values reported by Mir et al. (1991b) for alfalfa silage diet were used for estimation of P. C,dMeans denoted by a different letter for a nutrient and a parameter differ from each other ( P < .05). n = 6 triplicate bags incubated in two steers for C and Y treatments. adation, and Lt is the lag time before initiation of degradation.
tended to be higher ( P = .067j than that of the C diet, but with no improvement in ADG. Thus, the feed:gain ratios of the two diets ( C and Y) were similar. The rates of gain in the present study were greater than those reported by Rumsey et al. (1987) and may be related to the stage of growth of the steers at which the corn silage diet was introduced and nitrogen supplement used.
Yeast supplementation of the corn silage diets seemed to affect the feed:gain ratio negatively; the effect was significant in the 1st yr. Wiedmeier et a1 (1987) and Williams (1987) have suggested that yeast affects ruminal microbial populations of cellulolytic bacteria and alleviates the negative associative effect of concentrate supplementation. However, in the present study, such effects were not evident in the steers receiving the Y-supplemented corn silage diet.
In contrast to the significant increase in DMI by bulls fed Y in a high-concentrate diet (Mutsvangwa et al., 19921 , addition of Y to the high-barley-grain diet did not affect any of the growth performance parameters studied (Table 31 , even though it could be expected that the effect on growth rate would be most evident in such diets (Williams, 1987) . Values obtained for the growth parameters compare well with values reported by Beacom and Mir (1985) for diets containing 88% barley and 10% straw and those obtained by Rumsey et al. (1987) for diets containing 69% cracked corn and 29% alfalfa.
Carcass Characteristics. Supplementation with yeast culture did not alter carcass characteristics (Table 4) ; however, carcasses of Y-fed steers were heavier than those of C steers in both years of the study. The grade fat (average fat cover [millimeters] over the 12th rib), loin area, and dressing percentage of Y-fed steers were consistently better than those of C steers, but the effect was not significant ( Table 4 ).
The steers used in the study were Herefords, and thus the carcass weights were lower than those reported for crossbred steers (Beacom and Mir, 1985) but the dressing percentages were comparable to reported values (Beacom and Mir, 1985; Rumsey et al., 1987; Steen and Moore, 1988) .
Digestibility of the Diets. Digestibility coefficients for DM, CP, NDF, and ADF are presented, along with intake of the steers used in the digestibility trial ( Table 5 ) . The coefficients of digestibility of the diets did not differ due to inclusion of Y relative to C diets, except for the high-grain diet in yr 2, for which Y supplementation increased ( P < .05) DM and CP digestibility. The general lack of positive effect of Y Table 7 . Digestion kinetics of corn silage diet in the rumen of steers not receiving (C) or receiving (Y) yeast supplementation Degradation parametera 
, where p is the proportion degraded, a is the intercept of the degradation curve and represents the percentage of DM or nutrient that disappears within .5 h of incubation, b is the percentage of degradable DM or nutrient, c is the rate constant of de adation, and Lt is the lag time before initiation of degradation.
' P = a + (bc/[c + kl)e(-kLt), where k is the rate of passage of feed from the rumen and the k values reported by Mir et al. (1991b) for corn silage diet were used for estimation of P.
C,dMeans denoted by a different letter for a nutrient and a parameter differ from each other ( P < .05). n = 6 triplicate bags incubated in two steers for C and Y treatments.
supplementation on apparent digestibility is in agreement with reported results (Harrison et al., 1988; Huhtanen, 1991; Mutsvangwa et al., 1992) . However, other workers have reported positive effect on digestibility with Y supplementation (Weidmeier et al., 1987; Harris et al., 1992) . Compared with the DM digestibility values (Harris et al., 1992) and the values obtained in yr 1, the values in yr 2 for the highgrain diet were low. Unlike results of Harris et al. (19921, increases in NDF digestibility were not observed for any of the &ets examined.
Degradation Characteristics of the Diets. Rate of degradation of the alfalfa silage diet was lower in steers fed the Y in yr 1 than in steers fed the C diet ( Table 6 ). For the corn silage diet the Lt before initiation of DM degradation was decreased ( P < .05) in yr 2, whereas the LT was increased in yr 1. No significant or consistent effects of Y supplementation were observed on degradation of DM or NDF of any diet (Tables 6 through 8). The results concur with those described by Huhtanen ( 199 1) but are contrary to those reported by Williams (1991) , who suggested that the benefits of Y supplementation were due t o a decrease in lag time in degradation of cell walls. Effective degradabilities for DM and protein for all the diets, in both years, were not affected by Y supplementation. In yr 2 the effective degradability of NDF of the ON FEED UTILIZATION 543 alfalfa silage diet tended ( P = .066) to be increased in Y steers, which could be the net result of the statistically nonsignificant increase in rate and decrease in lag time in degradation on NDF.
Volatile Fatty Acid and Ammonia in Ruminal Fluid.
The ruminal fluid samples were obtained 2 h after feeding and the concentrations of the acids and the ammonia in ruminal fluid are listed in Table 9 . Differences within diets between steers receiving Y or C were not significant for ammonia concentrations in the rumen. The values were greatest for steers fed the alfalfa silage diet, but values were similar to those reported by Nicholson et al. (1992) for animals receiving alfalfa silage and urea. However, the silage used in the present investigation had a high proportion of soluble protein (as indicated by the a value for protein in Table 6 ), and this may have contributed to the production of high concentrations of ammonia in the rumen. The ammonia concentrations were lower for the corn silage and high-grain diets, and the values are in agreement with published data (Huhtanen, 1991) .
Although the lactic acid concentrations in ruminal fluid were numerically lower for Y in all three diets, the variability of the measure was high and differences between treatments were not statistically significant. We also observed that the incidence of acute Table 8 . Digestion kinetics of a high dry-rolled barley grain finishing diet in the rumen of steers not receiving (C) or receiving (Y) yeast supplementation Degradation parametera aFor each mean, n = 2 samples taken from two steers and injected three times.
ruminal acidosis due to grain overload was lower in steers receiving Y when they were fed the high-grain diet ( 5 vs 11 steers). Further experiments are required to confirm this observation. This observation concurs with the finding that Y in diets promotes lactate utilization in the rumen (Martin and Nisbet, 1992) . Molar percentages of acetate and propionate were similar to those reported by Mutsvangwa et al. (1992) . Carro et al. (1992) have observed decreases in acetate production in in vitro fermentations of feed fermented with Y. Mutsvangwa et al. (1992) reported higher acetate in animals receiving Y, but such effects were not observed in the present study. When the volatile fatty acid data were analyzed across years, Y supplementation resulted in a decreased production of propionic acid when the steers were fed either the corn silage diet or the high-grain diet; the values were different ( P < .05) for the high-grain diet (35.4 vs.
30.2 f 1.14 moVlOO mol for C vs Y). No other effects on the concentrations of other volatile fatty acids were observed in the present investigation.
Implications
Results from the present investigation do not concur with published data from studies conducted on milk and milk component production. Except for the consistent, nonsignificant stimulation of intake and marginal improvement in carcass size for steers receiving yeast and lower incidence of acute ruminal acidosis, no other benefits were noted.
